A rapid method of determining the rate of transformation of group H streptococci to streptomycin resistance has been developed. The new technique, which involves analysis of the growth response of transformed streptococci in liquid medium containing streptomycin, is independent of chain length fluctuations and is demonstrably more accurate than the standard plating method. The relatively short generation time of streptococci under these conditions permits transformation rates to be estimated in 9 to 14 hr depending on the number of transformants in the inocula as compared to 50 hr by the agar plate procedure.
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Quantitation of bacterial transformation by inoculation of agar plates requires a minimum incubation time of 2 days. To shorten this incubation period (which constitutes the major time portion of an experiment), liquid medium was used instead of solid agar plates. Attempts were made to relate the streptococcal inoculum size to its resultant growth curve in the liquid medium.
As early as 1906 it was appreciated that inoculum size had an influence on the growth of an organism in new media (7) . However, these observations remained qualitative in nature until Herrington (2) , having reevaluated the findings of Ingraham (3) that a linear relationship existed between the logarithm of the inoculum size and the time for turbidity development, proposed a mathematical expression which may be simplified to: N1 = f(TJ) where Tt = the time required for a given turbidity to develop, and N1 = the bacterial count at inoculation.
The above basic relationship is verified in this report and utilized to devise a rapid method for determining bacterial transformation.
MATERIALS AND METHODS Bacterial strains. A group H streptococcus (strain Challis) was used as the recipient cell in transformation whereas another group H streptococcus (strain Wicky) resistant (sr) to more than 1 mg of streptomycin/ml, was used as the source of donor deoxyribonucleic acid (DNA).
DNA preparation. Stationary-phase cultures of strain Wickyar grown in Todd-Hewitt Broth (Difco) plus glucose supplement (6) were washed with a sodium citrate solution, frozen, and then broken in a Sagers' press (8).
Wickyar DNA was obtained by a modification (5) of the Spizizen procedure (9 nm (for estimation of the inoculum size), and (ii) inoculated into test tubes containing 6 ml of TM plus 100 ,ug of streptomycin (TM + STR)/ml. The OD was measured and the tubes were placed in a water bath at 37 C. When turbidity became evident, OD readings were made every 15 min for 75 min. Semilogarithmic plots of the growth between OD values of 0.09 and 0.25 were used to calculate the transformant inoculum size. (Two methods for analyzing the semilogarithmic graphs, Td determination and extrapolation, will be considered below.) RESULTS A 0.5-ml sample from a transformed Challis culture (after the 75-min expression period) and its twofold dilution were inoculated into 6 No0 .
The accuracy of the Td determination method was compared with that of the plating technique. Challis cells were exposed to 10 sg of Wickysr DNA per ml and allowed to incubate at 37 C for 90 min. Samples were removed and three twofold serial dilutions were made. Transformant inoculum size was measured in triplicate by both the plating and Td methods. Figure 2 shows the results of an experiment in which dilutions of the transformed culture were plotted versus the experimentally derived number of transformants/ml. Although both methods produced linear relationships, the plating technique (Fig. 2B ) fluctuated to a greater extent than did the Td method ( Fig.  2A) . Correlation analysis (which estimates the correlation of the experimental points to a straight line) was utilized to evaluate the two sets of data. Points determined by the Td method had a correlation value (r value) of 0.998 and a t value of 49.9, whereas points described by the plating method had an r value of 0.985 and t value of 17.9. Therefore, the Td determination method displayed a more consistant linear relationship. Two analogous experiments done at different times have produced similar results. The value of g has not varied by more than 2 to 3 min.
The improved accuracy of transformation quantitation by the Td method relies upon several factors. (i) Each experimental Td value is calculated from a line drawn through four to five points. Thus, errant fluctuations in a single OD measurement will be counterbalanced by the other OD values. (ii) Pipetting errors are virtually eliminated. The Td method uses two pipette manipulations: measuring 6 ml of TM + STR media and measuring the 0.5-ml inoculum. Plating, on the other hand, demands approximately five 10-fold serial dilu- tions plus the application of a 0.1-ml inoculum to each blood-agar plate. (iii) Such plating artifacts as uneven spreading on the agar plates with resultant "clumping" of colonies and loss of colonies from the agar surface due to excessive moisture in the plates are eliminated.
Extrapolation method. An alternate approach for quantitating the absolute transformation rate from growth curves does not rely upon the mathematical relationships inherent in the Td method. Rather, the growth curves of each experimental tube (as in Fig. 1 To resolve this discrepancy, sonic treatment studies were employed to elucidate chainlength effects on transformation. Five slides of transformed Challis cells which had achieved phenotypic expression were Gram-stained and microscopically examined. Microscopic fields were chosen at random and the number of cells per chain was counted. As seen in Table  1 , of 429 chains examined, the mean cell number per chain was 4.3 (range = 1 to 15 cells/chain). These cultures also had a transformation rate of 5.8% as measured by plating. Parallel cultures were sonically treated after the expression period for 30 sec in a Branson sonifier at a setting of 4. After this treatment, all chains had been reduced to diplococci. The transformation rate fell concomitantly to 2.7% (about a 50% reduction in transformation). Table 1 also shows that the drop in transformation is not due to destruction of transformed cells, but rather' to an apparent increase in viability due to chain breakage.
DISCUSSION
The sonic treatment experiments, showing a twofold reduction in chain size with a simultaneous twofold increase in viability and constant number of transformants/ml, imply that breakage of a typical transformed chain produces two diplococcus units, one of which contains a transformed cell. Thus, each chain (of 4 The dilution of the initial inoculum for the TM + STR media can be used to adjust the incubation time for overnight assay (14 hr) or for analysis on the same day (6 to 8 hr). (Estimation of transformation rates on the same day, however, may require prolonged work hours.) Perhaps the two most significant attributes of the extrapolation method are: (i) its estimation of percent transformation represents a more accurate reflection of "true" streptococcal transformation and (ii) its elimination of multiple dilutions which are notorious for increasinig experimental variability.
The liquid media method can probably be applied to any transformation system in which antibiotic or nutritional markers are used. Linking a recorder to a multi-sample spectrophotometer would offer the possibility of automating the evaluation of transformation.
